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In this thesis, we have successfully designed and fabricated a narrow-band 
infrared emitter of low cost and low power consumption by using MEMS 
technology. Sharp narrow-band radiation at 5.86μm with full width at half 0.12 has 
been found in its emission spectrum in mid-infrared range. At the same time, we 
studied the physical mechanism of the coupling resonance effects systematically.  
For the design of device, firstly we use the top heating design to replace the 
bottom heating design, which contributes largely to reduce the power consumption of 
the device. The design enables the thin film as heating element so that the device has 
high frequency modulation characteristic. Therefore, the device can be used with a 
broaden applications. Second, in our design, the narrow-band radiation of the device 
in the mid-infrared range of hexagonal lattice array has been realized by using 
common metallic materials Al whose dielectric constant is of big real part and small 
imaginary part. Third, our design is based on the use of SOI wafer, so that the 
fabrication process steps are largely reduced with high cost efficiency. Finally, the 
radiation intensity is enhanced by heavily doping B in the device layer Si at the 
bottom. 
    For fabrication process development, major efforts were focused on fabricating 
the micron hexagonal lattice periodic array by using a standard lithography process 
based on the S1805 photoresist and the DRIE silicon etching technology.  We have 
successfully developed the optimized DRIE process for machining smooth silicon 
sidewall of small scallop features and high aspect ratio of1:25. 
    In this thesis, we also use the majority text to study the coupled resonance 
mechanism in the devices. First of all, due to the absorption in the mid-infrared range, 
the heavy B-doped silicon heating layer results in a unique coupled resonance 
phenomenon, e.g., high order coupled resonant modes in the radiation spectrum 














the heavily B-doped silicon film has an important influence on the coupling resonance 
mechanism. Then, the coupling resonant mode depending on the silicon film thickness 
has systematically been observed, and sharp variation of the transmission at normal 
incidence coupled resonant modes has been found. By comparing the influence of the 
Si film thickness on the radiation, reflection and transmission spectrum, we find that 
the incident angle leads to the variation of coupling resonance, which has been 
confirmed by the measurement of transmission spectrum with different incident 
angle. Meanwhile, we find that due to the passivity step in the DRIE etching, the ring 
structures of passivation layer enhance the change of coupling resonance modes. 
    As the final, we have built up a new model in this thesis work. The model of 
virtual interface coupled resonance mode has been derived from multi-coupled 
resonance model, which has been used to explain the experimental results 
successfully. Applying this model, we find that enhanced coupled resonance is caused 
by the plasma surface plasmon wave polaritons and quasi-cylindrical wave. 
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